Background/Aims: In response to traumatic brain injury (TBI), activated microglia exhibit changes in their morphology from the resting ramified phenotype toward the activated hypertrophic or amoeboid phenotype. Here, we provide the first description of the mechanism underlying the neuroprotective effects of γ-secretase inhibitors on TBI outcomes in rats. Methods: The neuroprotective effects of γ-secretase inhibitors such as LY411575 or CHF5074 on TBI-induced neurotoxicity were analysed using a neurological motor function evaluation, cerebral contusion assay, immunohistochemical staining for microglia phenotypes, lung injury score and Evans Blue dye extravasation assay of brain and lung oedema. Results: Hypertrophic or amoeboid microglia accumulated in the injured cortex, the blood-brainbarrier was disrupted and neurological deficits and acute lung injury were observed 4 days after TBI in adult rats. However, a subcutaneous injection of LY411575 (5 mg/kg) or CHF5074 (30 mg/kg) immediately after TBI and once daily for 3 consecutive days post-TBI significantly attenutaed the accumulation of hypertrophic microglia in the injured brain, neurological injury, and neurogenic acute lung injury. Conclusion: Gamma-secretase inhibitors attenuated neurotrauma and neurogenic acute lung injury in rats by reducing the accumulation of hypertrophic microglia in the vicinity of the lesion.
Introduction
Traumatic brain injury (TBI) or ischemic stroke causes prominent neuroinflammation [1, 2] . After a TBI, the ischemic environment drives the infiltration of blood born macrophages and resident activated microglia into the lesion sites in the brain [3] . Extracranial complications, including acute lung injury (ALI), occur in 20-25% of patients with severe TBI [4] . Acute lung injury is an independent predictor of poor outcomes in patients with TBI [4] and strongly affects the mortality rate and neurological outcomes [5] .
Microglia, the main immune cells in the brain, are activated by TBI [6, 7] . The morphology of ramified microglia in the resting or relatively inactive status is strikingly similar in humans and rodents [8] . Upon activation, activated microglia retract their ramifications and transform into an amoeboid or hypertrophic morphology. Activated hypertrophic or amoeboid microglia are associated with the overproduction of pro-inflammatory cytokines such as tumour necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and IL-6 [9] . In contrast, macrophages are less prone to morphological alterations in response to ischemia or injury [10] . Additionally, γ-secretase inhibitors such as CHF5074 [11] [12] [13] and LY411575 [14] inhibit microglial activation [1] and attenuate learning deficits in a mouse model of Alzheimer's disease (AD) [13] . A systemic inflammatory response plays an important role in the development of TBI-associated ALI [15] [16] [17] . Microglia act as the primary mediators of the response to injury in the brain [9] , raising the possibility that inhibition of γ-secretase with CHF5074 or LY411575 may ameliorate both neurological injury and neurogenic ALI.
In the present study, we evaluated contusion brain injuries and microglia activation in a rat TBI model [7, 18] , which is closely related to human brain injury, to address this question. We also investigated whether brain injury disrupted blood-brain-barrier (BBB) permeability, induced the accumulation of both polymorphonuclear cells (PMNs) and pro-inflammatory cytokines in the bronchoalveolar lavage fluid (BALF), and induced acute lung pathology. Furthermore, we attempted to ascertain whether inhibition of microglial activation with γ-secretase inhibitors such as CHF5074 and LY411575 attenuated neurological injury and neurogenic ALI following TBI.
Materials and Methods

Animals
We purchased adult male Sprague-Dawley rats (body weight 280-320 g) from BioLASCO Taiwan Co., Ltd. (Taipei, Taiwan). Four animals were housed in each cage at an ambient temperature of 26±0.5°C with a 12-h light/dark cycle. Pelleted rat chow and tap water were available ad libitum. Rats were allowed to become acclimated for at least one week. Experiments were performed in accordance with protocols approved by the Animal Ethics Committee of Chi Mei Medical Center (Tainan, Taiwan) (Institutional Animal Care and Use Committee (IACUC) approval no. 105122608) under Guidelines of the Ministry of Science and Technology of the Republic of China (Taipei, Taiwan) and conformed to the Animal Research: Reporting of In vivo Experiments (ARRIVE) guidelines.
Induction of Moderate TBI and Experimental Groups
A moderate cortical contusion was performed using the lateral fluid percussion injury (FPI) method [19] . Our fluid percussion injury method was a slight modification from previously described protocols. Briefly, male SD rats were anesthetized with sodium pentobarbital (25 mg/kg; Sigma-Aldrich, St. Louis, MO, USA) and intramuscularly injected with a mixture containing ketamine (4.4 mg/kg; Nankuang Pharmaceutical, Tainan City, Taiwan), atropine (0.02633 mg/kg; Sintong Chemical, Taoyuan City, Taiwan) and xylazine (6.77 mg/kg; Bayer AG, Germany). We placed each rat in a stereotaxic apparatus frame and incised its scalp. A 4.8-mm circular craniotomy was performed midway between the lambda and bregma at a location 3.0 mm to the right of the central suture. A cannula (2.6-mm inner diameter) was secured into the craniotomy with cyanoacrylate adhesive and dental acrylic. Subsequently, the FPI was induced (pressure intensity: 2.2 atmospheres) using a fluid percussion device (Virginia Commonwealth University Biochemical Engineering, Richmond, VA, USA) [20] . A moderate percussion injury was produced by rapidly injecting a small volume of saline into the closed cranial cavity. This reproducible and consistent model is associated with a >100-mm 3 cerebral contusion volume and neurological motor deficit within the first 3 days after injury [21] . Sham-operated animals received all the aforementioned surgical procedures, except the injury. Body temperature was maintained at 37°C during surgery using a heating pad and was monitored with a rectal thermometer. After surgery, animals were allowed to completely recover from anesthesia in a warmed chamber before being transferred to their home cages. The second group included TBI rats that were treated with a dose of vehicle solution immediately (within 5 minutes) after injury and an additional dose of vehicle solution daily for 3 consecutive days after the injury. The third and the fourth groups were the TBI rats that were treated with CHF5074 (30 mg/mL/kg, subcutaneous (S.C.) injection) and LY411575 (5 mg/mL/kg, S.C. injection) immediately (within 5 minutes) after injury and for 3 consecutive days after injury.
Drugs and Dosing
We dissolved CHF5074 (C 16 H 11 Cl 2 FO 2 ; Sigma-Aldrich, St. Louis, MO, USA) or LY411575 (C 26 H 23 F 2 N 3 O 4 ; Sigma-Aldrich, St. Louis, MO, USA) in DMSO. CHF5074 (30 mg/kg) or LY411575 (5 mg/kg) was administered S.C.. A S.C. injection 30 mg/kg of CHF5074 [11] or 5 mg/kg of LY411575 [22] inhibited β-amyloid peptide production and restored visual memory in rodents.
Experimental Procedures
In Experiment 1, we S.C. injected LY411575, CHF5074, or vehicle solution into the rats immediately after TBI and once daily for 3 consecutive days post-TBI, and the effects of these compounds on the rats' neurological motor functions were assessed on 1 day before surgery and on the 1 st , 2 nd , 3 rd , and 4 th days after TBI. In Experiment 2, we performed the same treatments and observed their effects on the cerebral contusion volume, lung injury score, lung oedema, or microglial activation in the injured brains of rats 4 days after TBI.
Neurological Motor Function Evaluation
In all rats, both a modified neurological severity score (mNSS) test and an inclined plane test were performed 1 day before neurotrauma and 4 days after neurotrauma by an investigator who was unaware of the experimental groups. The mNSS is a composite of balance, sensory, reflex, and motor tests. It was graded on a scale of 0 to 18 ("0" denotes normal score, whereas "18" denotes maximal deficit score) [23] . We also tested the ability of each animal to maintain its position at a given angle on an inclined plane [24] . Rats were placed head down on a platform (40 cm x 60 cm) with a rubber surface followed by a progressive increase in the platform angle. The last angle at which the rat was able to maintain its position for 5 s was documented. Thus, the higher the angle, the more muscle strength in a rat's limbs.
Cerebral Contusion Assay
On the 4 th day after TBI, the anaesthetized rats were intracardially perfused with normal saline. Their brain tissues were removed, immersed in cold saline for 5 min, and sliced into 2.0-mm thick sections with a tissue slicer. Triphenyl tetrazolium chloride (TTC; Sigma-Aldrich, St. Louis, MO, USA) staining procedures were used to determine the extent of the cerebral contusion caused by a TBI, as detailed in a previous study [25] . The contusion volume, as revealed by negative TTC stains that indicated dehydrogenase-deficient tissue, was measured in each slice and summed using Image-Pro Plus analysis software (Media Cybernetics, Silver Spring, MD, USA).
The corrected contusion volume (CCV) was calculated using the following equation to avoid overestimating the contusion volume:
CCV=(CH-(IH-ICA)) x d where CH represents the area of the contralateral hemisphere in square millimetres, IH is the area of the ipsilateral hemisphere in square millimetres, ICA is the area of ipsilateral contusion in square millimetres, and d is the thickness of the slices (1 mm). 
Immunohistochemical Staining for Microglia
Rats were deeply anesthetized with sodium pentobarbital (40 mg/kg, i.p.; Sigma-Aldrich, St. Louis, MO, USA) and transcardially perfused with ice-cold phosphate-buffered saline (PBS), followed by perfusion with and immersion in 4% paraformaldehyde to assess microglial activation using immunohistochemical staining. Immunohistochemical staining was performed using a previously described method [25] . Each brain tissue was cut into 3 equally spaced (5 mm) coronal blocks, and each block was embedded in paraffin. A series of adjacent 10-mm sections corresponding to coronal coordinates located 1.7 mm anterior to the bregma to 4.3 mm posterior to the bregma were cut from each block. Sections were incubated in 2 mol/L HCl for 30 min, rinsed with 0.1 mol/L boric acid (pH 8.5) for 3 min at room temperature and then incubated with an anti-ionized calcium-binding adapter molecule 1 (Iba1) antibody (1:200; GeneTex Inc., San Antonio, Texas, USA) in PBS containing 0.5% normal bovine serum overnight at 4°C. After the slides were washed with PBS, a 1:200 dilution of the biotinylated anti-rabbit secondary antibody (Vector Laboratories, Burlingame, CA) in blocking serum was applied for 1 hour and then reacted with the avidinbiotin-peroxidase complex (ABC) (Vectastatin ABC-Kit, Vector Laboratories, Burlingame, CA, USA). Finally, the sections were incubated with the 3, 3-diaminobenzidine (DAB) (Sigma-Aldrich) substrate, rinsed with running tap water for 10 minutes, stained with haematoxylin, and mounted in glycerol-gelatin medium (Sigma-Aldrich). The numbers of Iba-1-positive cells throughout the frontal and parietal cortices were counted. Images of the red brown-coloured immunohistochemical staining of immune cells were captured using an upright microscope system (Carl Zeiss GmbH, Göttingen, Germany) with a 20X objective (N.A. 0.5) and counted using ZEN2.3 software (Carl Zeiss). We modified the methodology of Resende et al [26] . to assess the size of the microglia cell body (soma). In Fig. 3B , each microglia cell body was identified using the counter tool and expressed in µm 
Histology and Lung Injury Scoring
At the end of the experiments, we euthanized the animals, excised their lungs en bloc, and then fixed the specimens with glutaraldehyde and embedded them in paraffin. A portion of each lobe of the lung was sectioned, stained with haematoxylin-eosin (HE), and scored by a pathologist who was blinded to the identity of the groups using the Lung Injury Scoring System of Matute-Bello and colleagues [27] . Lung injury was assessed in a blinded manner using a modified scoring system based on the number of neutrophils detected in the alveolar space or interstitial space, the deposition of hyaline membranes and other proteinaceous debris filling the airspaces, and alveolar septal thickening. According to the criteria established by MatuteBello et al [27] ., we scored the extent of lung injury as shown in Table 1 . Two investigators examined a minimum of 20 random high-power fields (400x magnification) in a blinded manner. The resulting scores from these investigators were added and averaged to obtain the lung injury score.
Evans Blue Dye (EBD) Extravasation
Rats were injected with 2% EBD (Sigma-Aldrich) via the left jugular vein (5 mL/kg) 30 min before the end of the 4-day recovery period after a TBI, as detailed in a previous study [28] . After 30 min, the animals were sacrificed, and the lungs and brain were perfused with 1 mL of PBS containing 5 mM ethylenediaminetetraacetic acid (EDTA). The lungs and brain were excised en bloc and frozen in liquid nitrogen and homogenized in 2 mL of PBS. The homogenate was diluted with formamide and incubated at 60°C for 2 h, followed by centrifugation at 5, 000×g for 30 min. The supernatant was collected, and the absorbance was measured at 620 and 740 nm using a dual-wave spectrophotometer (Molecular Devices, Sunnyvale, CA, USA). Contaminating heme pigments were corrected using the formula E 620 (EBD)=E 620 -(1.426xE 740 +0.030). Data are reported as micrograms EBD per gram tissue [29] .
Determination of PMN Numbers in the BALF
Animals were subjected to bronchoalveolar lavage to collect the BALF using previously described methods [30] . BALF was collected three times through a tracheal cannula using 0.5 mL of autoclaved PBS, which was instilled to a total volume of 1.3 mL. Samples were centrifuged at 3000 rpm for 10 min at 4°C. Aliquots of supernatants were stored at -20°C until the analysis of cytokine levels. Cell pellets were resuspended in PBS to obtain total cell counts. Cells were counted with the aid of a haemocytometer. Slides were visualized using Wright-Giemsa staining (Fisher Scientific Co., Middletown, VA), and PMNs were identified by a certified laboratory technologist in a blinded fashion.
Determination of Cytokine Levels in BALF
Protein levels in the BALF were quantified (Bio-Rad Laboratories, Hemel Hempstead, UK) and TNF-α, IL-1β, and IL-10 levels in the supernatants of the BALF were determined using ELISA assay kits (R&D Systems, Abingdon, UK), according to the manufacturers' instructions.
Statistical Analysis
Statistical analyses were performed using GraphPad Prism (GraphPad Software Inc., San Diego, CA, USA) or Sigma Plot (Systat Software Inc., San Jose, CA, USA) software. All data are presented as means±standard deviations (SD). Behavioral data (mNSS and inclined plane) were analysed using either Student's t test or two-way ANOVA followed by Tukey's multiple comparisons test. Biochemical data (brain contusion, lung permeability, lung injury score, and cytokine expression) were analysed using one-way ANOVA followed by Dunnett's multiple comparisons test. Differences between values were considered significant if p<0.05.
Results
The average intensity of the fluid pulse delivered to rats in the injured group was 2.2±0.2 atm (mean±SD). Immediately after a TBI, all rats had a short period of apnoea. No differences were observed among the three TBI groups. However, sham-TBI group rats did not experience apnoea.
γ-Secretase Inhibitors Reduce TBI-induced Brain Contusions
We generated a unilateral FPI of the parietal cortex in rats to examine the neuroprotective effects of LY411575 or CHF5074 on TBI. Immediately (or within 5 minutes) after trauma, two groups of rats (n=10 of each group) received LY411575 (5 mg/kg) or CHF5074 (30 mg/kg). These two groups of rats received an additional dose of LY411575 (5 mg/kg) or CHF5074 (30 mg/kg) daily for consecutive 3 days after trauma. A third group of rats received the solvent alone (n=10) and was termed the vehicle group. After injury, the extent of the brain contusion was determined by TTC staining and volumetry (Fig. 1A) . Compared to the contusion volume of the primary lesion, which was determined 15 minutes after TBI, the contusion volume in the vehicle group increased six-fold over 4 days (TBI+vehicle group), revealing substantial progression of secondary brain damage in the FPI model (Fig. 1B) . A reduced volume of the secondary brain damage was noted in rats treated with LY411575 or CHF5074 (Fig. 1C) .
γ-Secretase Inhibitors Attenuate TBI-induced Neurological and Motor Deficits
Four days after the animals had been subjected to brain injury, behavioural tests revealed that the TBI+vehicle group had higher mNSS values and a lower maximal angle at which a rat could maintain its position on the inclined plane than the Sham+vehicle group ( Fig. 2 
.01). Compared with those in the TBI+vehicle group, the mNSS values and the maximal angle were significantly lower and higher in the TBI+LY411575 and TBI+CHF5074 groups, respectively ( Fig. 2; p<0 .05).
γ-Secretase Inhibitors Reduce TBI-induced Microglia Activation
Four days after the rats had been subjected to TBI, the TBI+vehicle group displayed significantly greater numbers of both total Iba-1-positive cells (microglia or macrophages) (Fig. 3D ) and cell body area (Fig. 3B) in the ipsilateral frontal and parietal cortices than the sham-TBI group. As shown in Fig. 3B , the average cell body areas for the ramified Iba-1 positive cells and the hypertrophic or amoeboid Iba-1 positive cells were 91±12µm 2 and 287±27 µm 2 , respectively. We postulate that any an Iba-1-positive cell with a cell body area less than 103 µm 2 or greater than 110 µm 2 was defined as displaying ramified phenotype or a hypertrophic (or amoeboid) phenotype, respectively. Compared to the Sham+vehicle group, the TBI+vehicle group displayed significantly higher numbers of hypertrophic Iba-1-positive cells in the ipsilateral frontal cortex and parietal cortex (Fig. 3C) . However, the over-accumulation of hypertrophic Iba-1-positive cells in the injured brain was significantly reduced by the CHF5074 or LY411575 treatment (Fig. 3) .
γ-Secretase Inhibitors Reduce TBI-induced Acute Lung Injury
Four days after the rats had been subjected to TBI, the microscopic analysis showed that TBI caused substantial changes in the lungs, including alveolar haemorrhaging, alveolar wall thickening, and increased amounts of exudates in the alveolar spaces in the vehicle group (Fig. 4) . Using the standard assessment reported by Matute-Bello et al [27] ., lungs from the TBI+vehicle group had higher ALI scores than the Sham+vehicle controls (Fig. 4) . Compared to the TBI+vehicle group, the TBI+LY411575 and TBI+CHF5074 groups had significantly lower ALI scores (p<0.05; Fig. 4 ).
γ-Secretase Inhibitors Reduce the TBI-induced Increase in Lung and Brain Permeability and Vascular Leakage
An increase in pulmonary or brain capillary permeability was detected at 4 days after a TBI. Compared to Sham+vehicle controls, the TBI+vehicle group exhibited significantly higher EBD extravasation ( Fig. 5; p<0.05 ). Based on gross observations, some areas of bleeding were detected on surfaces of the lung or brain tissues exhibiting EBD extravasation Fig. 2 . Inhibition of γ-secretase with LY411575 or CHF5074 inhibits neurological motor deficits in the rat model of moderate TBI. Both a modified neurological severity score (mNSS) test and an inclined plane test were performed 1 day before neurotrauma or sham operation and 4 days after neurotrauma or sham operation in the Sham+vehicle group, TBI+vehicle group, TBI+LY411575 group, and TBI+CHF5074 group. The higher the mNSS score, the more severe the neurological injury. The lower the maximal angle at which a rat could maintain its position on the plane, the more severe the loss of muscle strength. Data are expressed as means±SD. *p<0.01, compared with the Sham+vehicle group; (Fig. 5) . Compared to those of the TBI+vehicle group, the extents of both haemorrhage and EBD extravasation were significantly reduced in the TBI+LY411575 and TBI+CHF5074 groups (Fig. 5) . 
γ-Secretase Inhibitors Normalized TBI-induced Alterations in the Number of PMNs and
Cytokine Levels in the BALF Four days after the rats had been subjected to TBI, the PMN count and TNF-α, IL-β, and IL-10 levels in the BALF from vehicle-treated rats were significantly higher than those in the Sham+vehicle controls (Fig. 6) . Compared to the TBI+vehicle group, the TBI+LY411575 and Fig. 4 . Inhibition of γ-secretase with LY411575 or CHF5074 attenuates ALI in the rat model of TBI. At 4 days after injury, lung sections were stained with haematoxylin and eosin; lung specimens from TBI+vehicle group developed significant histological changes including neutrophil infiltration (orange arrow) and deposition of fibrin strands (blue arrow) in the alveolar space, hyaline membrane (green arrow), and alveolar capillary membrane thickening (red arrow). In contrast, the addition of LY411575 or CHF5074 after injury attenuated the severity of this injury to a level observed in the Sham+vehicle animals. The ALI severity scores in the TBI+vehicle group were significantly higher than of the scores for the Sham+vehicle group (*p<0.01). The scores for the TBI+LY411575 and TBI+CHF5074 groups were significantly lower than the scores for the TBI+vehicle group ( + p<0.05). Each column and bar represent the meanSD of 10 rats per group.
Figure 4
TBI+CHF5074 groups displayed significantly fewer PMNs and lower levels of TNF-α and IL-1β in the BALF (Fig. 6) . However, the LY411575 and CHF5074 treatments further increased the IL-10 levels in the BALF after TBI (Fig. 6 ).
Discussion
FPI is one of most commonly used TBI models and has been modulated to generate injuries with the characteristics of mild or severe TBI [31] . The adult rat brain showed a 52% decrease in cortical cerebral blood flow (CBF) within 15 minutes of FPI, which persisted for 4 hours and then returned to the original CBF level at 24 hours post-injury [32] . Compared to the contusion volume of the primary lesion, which was determined 15 minutes after TBI, the contusion volume in the mouse controlled cortical impact (CCI) model increased approximately two-fold over 24 hours [33] . In a rat model of FPI, the contusion volume increased approximately six-fold over 4 days compared to that in the primary lesion (as shown in the present study). A reduced volume of secondary brain damage was observed in rats treated with the γ-secretase inhibitors LY411575 or CHF5074 in the present study. In addition, Evans Blue staining revealed significantly reduced formation of brain oedema in the lesioned cortical hemisphere of LY411575-treated or CHF5074-treated rats 4 days after TBI (present results). Clinical data have revealed a link between brain injury and lung inflammation [4, 34] . Kalsotra and colleagues [15] provided the first experimental evidence that brain injury directs pulmonary neutrophil mobilisation. Additionally, brain injury causes increased BBB permeability up to 3 days post-injury. In the present study, brain injury also increased BBB permeability and increased the numbers of PMNs and interleukin-1β and TNF-α levels in the BALF. These results led us to hypothesize that systemic release of pro-inflammatory cytokines and certain mediators after brain injury might cause ALI following TBI. Furthermore, systemic administration of γ-secretase inhibitors exerted an anti-inflammatory effect by inhibiting both central nervous system and peripheral inflammation induced by TBI. Our results are consistent with the findings reported by Li et al [35] ., who showed that TBI caused an inflammatory reaction, including increased levels of IL-1β, IL-6, and TNF-α, as well as microglial cell activation. Simvastatin attenuates microglial cell activation and decreases IL-1β levels after TBI. Gamma-secretase inhibitors may share similar mechanisms with simvastatin in treating TBI.
The most striking finding of the present study is probably that brain injury induces neurogenic ALI by promoting microglial activation. Resting, inactive microglia are characterized by an arborized or ramified morphology, which allows them to communicate with their surroundings [36] . On the other hand, activated microglia assume their characteristic hypertrophic or amoeboid morphology during inflammation [37] . Amoeboid or hypertrophic microglia, a macrophage phenotype, are able to engage in phagocytosis or the pro-inflammatory process. Low blood flow [38] , thrombin and other components of the blood, as well as damage-associated molecular patterns (DAMPs) [39] , are able to activate microglia. Indeed, as shown in the present study, more than 95% of total microglia in the contused brain displayed the amoeboid or hypertrophic morphology following brain injury. Importantly, activated microglia engulf endothelial cells and cause the disruption of the BBB, enabling the release of pro-inflammatory mediators into the bloodstream [40, 41] . Activated amoeboid or hypertrophic microglia are associated with overproduction of pro-inflammatory cytokines, such as TNF-α, IL-6, and IL-1β in response to brain injury [9] . Thus, following brain injury, microglial activation cause overproduction of pro-inflammatory cytokines in injured brain tissues and BBB disruption, resulting in pulmonary inflammation and ALI. Accordingly, CHF5074-and LY411575-mediated reductions in the accumulation of hypertrophic microglia reverses TBI-induced overproduction of pro-inflammatory cytokines in the brain, BBB disruption, pulmonary inflammation, and ALI in a rat model. Our present hypothesis is consistent with findings from several previous studies. For example, levels of beta-amyloid (Aβ), a key mediator of microglia activation [42] , are substantially increased in response to TBI in both humans and rodents [1] . Brain injury promotes Aβ accumulation and results in increased γ-secretase expression in microglia [43] . CHF5074, a γ-secretase inhibitor, has also been shown to inhibit Aβ accumulation and to attenuate memory deficits in mouse models of AD [43] .
Bone marrow-derived cell (BMDC)-associated inflammatory responses play a pivotal role in the development of ALI [44] [45] [46] . Activation of the adenosine A2A receptor (A 2A R) protects against ALI by stimulating BMDC accumulation [47] [48] [49] [50] . In a mouse model of neurogenic ALI induced by a TBI, activation of BMDC-associated A 2A R exacerbated ALI. In both mouse models of TBI and isolated microglia, a high glutamate concentration in the environment could switch the anti-inflammatory effect of A 2A R activation to a pro-inflammatory effect. Plasma glutamate modulates the interaction of A 2A R and m-glutamate receptors on BMDC to aggravate TBI-induced ALI [51] . In addition, the release of tissue factor, a potent initiator of the extrinsic coagulation pathway, from the injured brain is also thought to play a key role in coagulopathy after TBI [17] . However, researchers have not determined whether the inhibition of microglial activation with CHF5074 and LY411575 attenuate neurogenic ALI by reducing the accumulation of BMDC and/or tissue factor.
The enzyme γ-secretase processes the Notch protein, allowing Notch to subsequently regulate cell proliferation, development, differentiation, and cell survival [13, 52] . CHF5074, a novel γ-secretase inhibitor, enhances amyloid precursor protein (APP) proteolysis in the brain and attenuates spatial memory deficits in a transgenic mice model of AD [53] , without adverse side effects. In addition, CHF5074 has been reported to be a safe and a promising therapeutic agent for 96 patients with mild-to-moderate AD [54] .
Conclusion
Based on our data, activated microglia change their morphology from the ramified phenotypes toward the hypertrophic or amoeboid phenotype in response to a TBI. Indeed, the accumulation of activated hypertrophic or amoeboid microglia in the injured brain regions positively correlates with the ensuing BBB disruption (as evidenced by brain Evans Blue dye extravasation), brain contusion volume, neurological motor deficits, and neurogenic acute lung injury in rats with neurotrauma. We concluded that two γ-secretase inhibitors (CHF5074 and LY411575) reduced microglial activation in the vicinity of the lesion, BBB disruption and acute lung injury and promoted acute motor function recovery in TBI rats.
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